Abstract -As it is well known, competitive electricity markets require new computing tools for power companies that operate in retail markets in order to enhance the management of its energy resources. During the last years there has been an increase of the renewable penetration into the micro-generation which begins to co-exist with the other existing power generation, giving rise to a new type of consumers. This paper develops a methodology to be applied to the management of the all the aggregators. The aggregator establishes bilateral contracts with its clients where the energy purchased and selling conditions are negotiated not only in terms of prices but also for other conditions that allow more flexibility in the way generation and consumption is addressed. The aggregator agent needs a tool to support the decision making in order to compose and select its customers' portfolio in an optimal way, for a given level of profitability and risk.
I. INTRODUCTION
ower systems were traditionally designed for medium and large power plants and have to be adapted to the new distributed and micro-generation paradigm. Several studies and research have been done in order to find the optimal way to include the micro-producers in the existing power system with the integration of smart grids, smart metering and smart box concepts [1] .
From an economic perspective, the electricity industry has evolved from a vertically integrated state-owned monopoly company, not subjected to the usual rules of competition, to a liberalized market where generators and consumers have the opportunity to freely negotiate the purchase and sale of electricity. However, distributed micro-generation individually does not have the means to access to the electricity market, as the electrical energy generated is very low when compared with large power producers. In this context a commercial agent or aggregator can promote the link between the microgeneration and the electricity market.
E. Eusebio (e-mail:eaeusebio@deea.isel.ipl.pt) and J. Sousa (e-mail: jsousa@deea.isel.ipl.pt) are with ISEL -Lisbon Engineering Superior Institute, Rua Conselheiro Emídio Navarro, 1, 1950- The aggregator adds a set of small power producers and consumers so that it can trade in the electricity market a substantial quantity of energy. The possibility of dealing either with producers and consumers give rise to different types of customers for the aggregator such as: producers, consumers and prosumers (mix of producer and consumer), with a certain load profile. Fig. 1 shows de role of the commercial agent (aggregator) in the energy market. There are several definitions for the aggregator, but in a brief and general way an aggregator is a company who acts as intermediator between electricity end-user, who provide distributed energy resources, and those power system participants who wish to exploit these services [2] .
The commercial agent increases the incentive for the participation of small and commercial consumers or producers in the electricity market. The task of empowering electricity consumers by giving them financial rewards for changing their consumption requires new business models. Therefore, the main purpose of the commercial agent is to expose customers to the electricity markets in an efficient way [3] .
The small and medium-size customers have a significant potential to collaborate in a solution of problems of the amount of electricity consumption but the retail price rates are not very attractive for them do not provide any cost saving, the aggregator can bring this customers to the wholesale market.
The aggregator company builds a portfolio of customers and establishes bilateral contracts with them. These contracts are elaborated in order to deliver benefits to both parties and include different hourly prices for week or weekend days and different levels of consumption. The aggregator company can take advantage of scale economies because it controls a large set of different clients, such as households, commercial and industrial customers. This type of clients has different load consumption, and it is important for the aggregation company the combination of this consumption levels at different hours [3] . To do this, the aggregator needs to forecast the consumption of the individual client and construct a load diagram for the total consumption of the clients' group. Moreover it needs to negotiate the energy to supply the total consumption and also to forecast the electricity market prices. The electricity needed to supply all the customers is negotiated through an organized market (pool) or through a bilateral contract with an energy supplier or producer. The aggregator will develop an understanding of the constraints and patterns of its customers and construct and analyze this patterns and profiles. Signals must be received, measurements must be sent in an automated way using smart meters with their communication capabilities. However, these features have not been standardized. Also the measurement resolution may not be high enough for the aggregator purposes [4] . With this collected data from the customers the aggregator constructs a hourly week (week days, Saturdays and Sundays) load profile consumption and produces a seasonal forecast.
The general idea of this relationship between aggregator and clients is to share the profits and benefits of the energy consumption. A specific contract can establish different prices for the hours and days of the week, the main idea is not to interfere on the consumption habits of the client directly but indirectly, the contract establishes prices for a certain level of consumption hourly/day of the week and contractually penalties in case of the client exceeds the contractually levels of consumption. This way, the aggregator induces the customer to reduce or not exceed their consumption level in specific hours of the day, usually the hours of higher energy price (peak-hours), providing the basis for a demand response.
This procedure reduces the exposition of individual customers to the electricity market. In fact, small and medium size customers are more risk averse, and the aggregator take the risk of the market and negotiate better hourly prices for higher quantities of energy. To do this in a controlled way it is very important to have a tool for portfolio optimization in order to control the profitability and risk of the group of customers. This tool also provides the possibility of simulation when new possible clients are achieved, and is very important to elaborate the prices proposal for this possible client.
In this research we construct a simulator able to analyze a portfolio set of electricity customers and compute the profitability and risk of the portfolio for certain time horizon. This defines the best new costumers to introduce in the portfolio, whose classification depends on the risk objectives of the aggregator company. The simulator also shows the direction to the optimum portfolio set.
II. AGGREGATOR PORTFOLIO MANAGEMENT
Electricity utilities around the world are changing from regulated, vertically integrated monopoly structures, to open markets, intended to promote the competitiveness among suppliers and provide consumers with more choice [5] . Aggregators are new participants in the market with its own strategy, risk level preferences and decision model. According to the economic theory, new participants generate more competition, and that competition increases the economic efficiency, under the assumption that this efficiency brings more services at lower prices. Lower prices are the goal to achieve, and simultaneously, the small and medium costumers without market potential benefit from market prices with a lower market risk due to the intermediation of the aggregator company.
In competitive markets electricity is traded in organized markets managed by market operators, such as the OMEL. These organized markets are usually composed of the dayahead and the intra-day market. In the day-ahead market, for each period in the next day, the aggregator submits its bids to purchase a certain quantity of electrical energy in order to satisfy its demand. After the closure of day-ahead market, the market operator determines which offers are accepted and work out the market clearing price for each period of the next day. Load aggregators offers are cleared by the market at the market clearing price [6] .
A. Aggregator Portfolio
The aggregator company is an energy market participant and its goal is to maximize the company profitability at a certain level of risk. The different customers make its portfolio, with individual profitability and risk associated. In order to find the best portfolio composition the Henry Markowitz theory was applied.
In a deregulated market, utility companies are more exposed to financial risk. Due to the non-storability of electricity and inelastic electricity demand, the electricity spot price is one of the most volatile of commodity prices [7] . Under the regulated regime, electricity providers were able to pass external fuel price shocks onto consumers through regulated electricity prices. However, in the deregulated environment, such cost recovery is unlikely. Since the electricity price charged to the final consumer is usually fixed long before consumption occurs, electricity providers who purchase electrical energy in the spot market take the entire risk of volatile spot prices. Therefore, electricity retailers usually hedge against this uncertainty by managing a portfolio of financial and/or physical electricity derivative contracts, in part to close in the future price of electric energy [8] .
Portfolio optimization dates back to the work of Markowitz [9] , who proposes a methodology to build efficient portfolios based on a trade-off between expected return of a portfolio and its associated risk, measured in terms of the portfolio variance.
The work of Henry Markowitz introduce the concept of efficient frontier, combining several different energy customers in a portfolio will yield decreases in overall risk bellow that of any individual customer while retaining high returns [9] .
As depicted in Fig. 2 , the dark region shows all possible ways to combine a set of energy customers in order to optimize the aggregator portfolio, anywhere on the top leading to the edge of this region, the efficient frontier. This region provides the optimal combinations of customers that can be created [9] . The edge line provides the high profitability for the lowest risk, whereas the internal points configure possible electrical energy customers' portfolio combinations with a certain level of profitability and risk. Normally the aggregator portfolios are not optimum so when the aggregator introduces new energy customers to is portfolio it must select the type of customers that promote your portfolio position towards the efficient frontier.
The minimum variance portfolio corresponds to the frontier point with the lowest risk. Fig. 2 . Risk and return of a portfolio set [10] .
B. Optimization Portfolio
The expected profitability of a customer, E(r i ), is described in equation (1).
where p s is the probability of a given scenario and S is the number of scenarios considered.
The risk of a customer i, σ i , is given by equation (2).
where r i,s is the profitability of customer i under the set of scenarios considered. The covariance, σ i,j , between customers i and j is described as shown in equation (3). ,
The profitability of the aggregator portfolio, p, is given in equation (4) .
where E(r p ) is the expected profitability of the portfolio, p, E(r i ) is the expected profitability of a specific customer i, w i , is the weight of the same type of energy customers and n the number of customers in the portfolio.
The risk, σ p , of the portfolio p, composed as equation (4), is show in equation (5). (5) where σ p 2 is the variance of the portfolio, computed as depicted on equation (6) .
III. THE CUSTOMERS LOAD PROFILES
The load diagram is a broad term that can refer to a number of different forms of data. It can refer to demand and consumption data they represent the pattern of electricity usage of a segment of supply market customers. A load profile gives the Hourly (Settlement Period) pattern or 'shape' of usage across a day (Settlement Day), and the pattern across the Settlement year, for the average customer of each of the eight profile classes.
The customers of the aggregator company are categorized from the point of view of their level of energy consumption and, in a particular way, of the time when consumption occurs.
The load diagrams in Fig. 3, 4 and 5 represent the typical pattern of consumption for weekdays, Saturdays and Sundays for a certain season of the year. In order to obtain the total energy needed to satisfy its customers, the aggregator forecasts the load profile of their individual clients for a determined period (e.g. a week) and negotiates that energy in the electricity market.
When the aggregator purchases the energy in the market, it takes a great part of the risk, once the energy price has a great volatility, as depicted in Fig. 6 for the hourly price along the day 21/11/2001 for Portugal in the OMEL market. Also the aggregator in order to minimize the risk promotes a data base with the market price and produces forecasts for the next periods. With this procedure the customers are protected from the great risk and volatility of the market but the aggregator minimize the risk by diversification, because it deals with a sum of consumption of the total quantity of energy and negotiate on the market better prices.
The aggregator will build its portfolio with the aim of diversifying its clients (load profile) and establishing contractual terms with them which tend to promote higher consumption in hours of lower energy costs. The contractual conditions established between the aggregator and the customer are based on an agreed level the consumption, if this level is exceeded the agreed prices are higher. This policy discourages high consumption at peak hours without interfering directly with the electrical installation of the customer.
IV. METHODOLOGY
This research is concerned with studying the best portfolio composition for an aggregator company. The analysis was performed using the simulator Commercial Agents in the Electricity Market -Portfolio Aggregator (CAEM-PA), developed using MATLAB.
The simulator performs the evaluation of different types of portfolios based on the Markowitz theory and returns the minimum variance point of the portfolio, the efficient frontier, the area of possible portfolios, the position of a specific portfolio, and the line of possible portfolios with lower profit for a given level of risk. Fig. 7 shows the general simulator interface with the results mentioned above. The case study presented in this research is based on a set of 10 types of energy consumers, with different load profiles in a time horizon of one week. For each type of consumer, typical weekly load curves were considered. The profitability of each customer was calculated based on a set of scenarios, with different levels of consumption elaborate on the load profile of each customer, as well as a set of scenarios developed on the purchase price of the energy market OMEL. These scenarios consider increasing levels of the market price observed in the OMEL. The profitability of each customer in each scenario is calculated as the difference between the selling price in each hour contractually specified and the cost of buying the electricity in the market added to the network tariffs.
The profit and risk of each client are presented in Table I , calculated according to equations (1) and (2). The portfolio of the aggregator clients A through J, in the amounts indicated in Table I , has a profitability and risk of 40,44 and 7,52% respectively, as shown in Fig. 9 . The simulator gives the position of the portfolio on the plan risk-profitability.
The minimum variance portfolio profitability and risk are respectively 55,68% and 3,54%, as shown in Fig. 10 . This portfolio is made up exclusively by customers of type A. Table I . Fig. 11 shows the efficient frontier portfolio obtained through an optimization process that promotes the highest profitability for a given level of risk. This figure also shows the portfolios of lower profitability for a specific level of risk. Table I . These portfolios are not optimal, once they present lower profits and higher levels of risk. In Fig. 13 and 14 it is delimited the sector that allows the best development of the portfolio based on the initial composition, as well as the intersection with the boundary of the portfolio. Point A sets up the best profitability for the risk involved and the point B shows the same profitability for a lower risk. 
VI. CONCLUSIONS
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